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MHC class II presentation of endogenously expressed antigens by 
transfected dendritic cells. 

Diebold S S; Cotten M; Koch N; Zenke M 

Max-Delbruck-Center for Molecular Medicine, MDC, Berlin, Germany. 
Gene therapy (England) Mar 2001, 8 (6) p487-93, ISSN 0969-7128 
Journal Code: 9421525 

Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

... I and class II molecules in association with costimulatory molecules, 
and efficiently activate both cytotoxic T cells and T helper cells. Gene 
modified DC expressing *antigen* encoding cDNA represent a particularly 
attractive approach for the immunotherapy of disease. We previously 
described a gene delivery system for DC based on receptor-mediated 
endocytosis of ligand/polyethylenimine (*PEI*) *DNA* transfer * complexes* 
that target cell surface receptors which are abundantly expressed on DC. 
Employing this gene delivery system, DC were generated that express chicken 
ovalbumin (OVA) cDNA as a model *antigen* and introduce *antigen* into the 
MHC. class I presentation pathway. We demonstrate here that modification of 
OVA cDNA as *transf errin* receptor (TfR) or invariant chain (Ii) fusions 
effectively generate MHC class II specific immune responses in addition to 
MHC class I responses. TfR-OVA contains the membrane anchoring region of 
*transf errin* receptor and represents a membrane-bound form of OVA for 
access to the MHC class II compartment. li-OVA fusions directly target the 
MHC class II processing pathway. Thus, modification of *antigen* encoding 
cDNA represents a convenient and effective means to direct antigens to MHC 
class II presentation and thus to generate T cell help. 
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Mannose poly e thy lenimine * conjugates* for targeted DNA delivery into 
dendritic cells. 

Diebold S S; Kursa M; Wagner E; Cotten M; Zenke M 

Max-Delbruck-Center for Molecular Medicine, Robert-Rossle-Str . 10, 
D-13092 Berlin, Germany. 

Journal of biological chemistry (UNITED STATES) Jul 2 1999, 274 (27) 
pl9087-94, ISSN 0021-9258 Journal Code: 2985121R 
Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
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Mannose polyethylenimine *conjugates* for targeted DNA delivery into 
dendritic cells . 

. . . entry sites for gene delivery into cells by receptor-mediated 
endocytosis. Here we have taken advantage of the mannose receptor that is 
highly expressed on *antigen*-presenting dendritic cells for targeted gene 
transfer by employing mannosylpolyethylenimine (ManPEI) *conjugates* . 
Several ManPEI ^conjugates* were synthesized and used for formation of 
ManPEI/*DNA* transfection ^complexes*. ^Conjugates* differed in the linker 
between mannose and polyethylenimine (*PEI*5 and in the size of the *PEI* 
moiety. We demonstrate that ManPEI transfection is effective in delivering 
*DNA* into mannose receptor-expressing cells. Uptake of ManPEI/* DNA* 
*complexes* is receptor-specific, since *DNA* delivery can be competed with 
mannosylated *albumin* . Additionally, incorporation of adenovirus particles 
into transfection *complexes* effectively enhances transgene expression. 
This is particularly important for primary immunocompetent dendritic cells. 
It is demonstrated here that dendritic cells transfected with ManPEI/* DNA* 
*complexes* containing adenovirus particles are effective in activating T 
cells of T cell receptor transgenic mice in an *antigen*-specific fashion. 
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Efficient gene delivery into human dendritic cells by adenovirus 
polyethylenimine and mannose polyethylenimine transfection . 

Diebolcl S S; Lehrmann H; Kursa M; Wagner E; Cotten M; Zenke M 
Max-Delbruck-Center for Molecular Medicine, Berlin, Germany. 
Human gene therapy (UNITED STATES ) Mar 20 1999, 10 (5) p775-86, 
ISSN 1043-0342 Journal Code: 9008950 
Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

Gene-modified human dendritic cells (DCs) were generated by transfection 
with adenovirus polyethylenimine *DNA* (Ad/*PEI*/*DNA* ) and mannose 
polyethylenimine *DNA* (ManPEl /*DNA* ) * complexes * . Ad/*PEI*/*DNA* 
Complexes* have *plasmid+ *DNA* bound to adenovirus particles by *PEI* and 
deliver *DNA* into cells via the adenovirus infection route. Such 
transfection ^complexes* yield high transduction levels and sustained 
expression of luciferase and green fluorescent *protein* reporter genes and 
were almost as effective as recombinant adenovirus vectors. ManPEI/*DNA* 
*complexes* rely on uptake by receptor-mediated endocytosis via mannose 
receptor, which is highly expressed on DCs. While gene delivery by ManPEl/ 
*DNA* ^complexes* was less efficient than by Ad/*PEI* transfection, 
incorporation of adenovirus particles in ManPEI/*DNA* transfection 
^complexes* further enhanced transduction efficiencies and transgene 
expression. We also demonstrate that Ad/*PEI*-transf ected DCs are competent 
in stimulating T cell proliferation in allogeneic and autologous mixed 
lymphocyte reactions, and in activating T cells from T cell receptor 
(TCR) -transgenic mice in an *antigen*-specif ic manner. Thus, the present 
study establishes the following relative order of transduction efficiencies 
of viral and nonviral gene delivery systems for primary human DCs: 
recombinant adenovirus > Ad/+PEI* = Ad/ManPEI > ManPEl > *PEI*. Ad/*PEI* 
and ManPEl transfection modes represent particularly versatile transduction 
systems for DCs, with ManPEl being built up exclusively of synthetic 
compounds . 
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Receptor-binding ligands have been incorporated into *DNA* 
/polyethylenimine (*PEI*) * complexes* to enhance cell binding and cellular 
internalization. This study characterizes receptor-mediated uptake of *DNA* 
/*PEI* * complexes* on a cellular basis. A novel assay based on flow 
cytometry was applied, discriminating between total cell-associated and 
extracellularly bound *DNA* * complexes* . Receptor-mediated uptake of 
ligand-containing *DNA*/*PEI* (molecular weight, 800 kd) ^complexes* was 
found to occur quickly (within 1 hour) , whereas unspecific uptake through 
adsorptive endocytosis is less efficient or requires extended periods to 
reach the same degree of internalization. Rapid, receptor-mediated 
internalization requires a small complex size; however, large, ^aggregated* 
*complexes* show higher gene expression. Using *PEI* 25 kd conjugated to 
large proteins such as *transf errin* or antibodies, improper condensation 
with *DNA* leads to suboptimal uptake and gene expression, whereas partial 
replacement of ligand-*PEI* with unconjugated *PEI* increases both uptake 
and transfection. In contrast, the 8 kd *protein* epidermal growth factor 
conjugated to *PEI* 25 kd properly condenses *DNA* and mediates specific 
uptake into human adenocarcinoma (KB) cells. Modification of the complex 
surface with appropriate amounts of poly {ethylene glycol) (PEG) does not 
block ligand-mediated internalization. A higher degree of PEGylation 
reduces the internalization of *transf errin* or antibody-containing 
*complexes* to a level similar to that of ligand-free *complexes*. In 
contrast, epidermal growth factor "mediated uptake is less effected by 
excessive PEGylation. 
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. . . Understanding how non-viral vectors initiate gene expression could 
lead to the development of new future vectors with enhanced efficacy. 
METHODS: Linear or branched polyethylenimine ( *PEI* ) /*DNA* *complexes* were 
generated in varying salt conditions and their transfection efficiencies 
were compared in vitro and in vivo using reporter genes, lucif erase and 
green fluorescent *protein*, and rhodamine labeled *DNA* (pGeneGrip) . 
RESULTS: The transfection efficiency of linear PEI22/*DNA* in vitro was 
generally greater than that of branched *PEI*/*DNA* when *complexes* were 
generated in salt containing buffer. However, *PEI* *complexes* generated 
under salt-free conditions generally had low transfection activity in 
vitro. In contrast, PEI22/*DNA* salt-free *complexes* were highly active in 
vivo. Branched *PEI*/*DNA* and salt containing PEI22/*DNA* *complexes* were 
generally 10-100-fold less active than the salt-free PEI22/*DNA* 
♦complexes*. Salt- free PEI22/*DNA* *complexes* were small, but subsequently 
grew into *aggregates* when salt was added. In contrast, PEI25/*DNA* 



* complexes* remained small even after salt was added under the same 
conditions. Furthermore, • PEI22/pGeneGrips Complexes* formed large 
'aggregates* associated with the cell membrane, cytoplasm and nucleus, 
while branched *PEI* Complexes* remained as small distinct particles 
associated with the cell membrane or in the cytoplasm. CONCLUSIONS: 
Branched and linear *PEI*/*DNA' 'complexes' differ in their ability to 
transfect cells. The greater efficiency of linear *PEI* might be due to an 
inherent kinetic instability under salt conditions. Understanding how to 
employ this kinetic instability of linear *PEI' could help in designing 
future vectors with greater flexibility and transfection efficiency in 
vivo. 
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Biodistribution and transgene expression with nonviral cationic 
vector/DNA *complexes* in the lungs. 

Bragonzi A; Dina G; Villa A; Calori G; Biffi A; Bordignon C; Assael B M; 
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Scientific Institute, Milano, Italy. 
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Biodistribution and transgene expression with nonviral cationic 
vector/DNA *complexes* in the lungs. 

Biodistribution of nonviral cationic vector/'DNA* 'complexes* was studied 
after systemic or intratracheal administration to the lungs and correlated 
with transgene expression. Intravenous injection in C57B1/6 mice gave 
maximal and significant luciferase expression in the lungs with the 
cationic polymer *PEI' 22K/*DNA* 'complexes* at the highest ratios of 
positive/negative charges versus *DNA* alone. While DOTAP/*DNA* 'complexes* 
with high charge ratio determined lower but still significant luciferase 
activity versus uncomplexed * DNA* , GL-67A and *PEI* 25K mediated negligible 
luciferase expression. Labelled *PEI* 22K and DOTAP 'complexes* were evenly 
distributed in the alveolar region, where GFP expression was revealed, 
while *PEI* 25K and GL-67A Complexes* were not detected, suggesting a 
different interaction of these Complexes* with the plasma membrane of 
endothelial cells. Following an intratracheal injection, the highest and 
significant levels of transfection were obtained with slightly positive 
*PEI* 'complexes* as compared with *DNA* alone, whereas cationic 
lipid-based vectors, DOTAP and GL-67A, gave not significant luciferase 
activity. Both types of polyplexes gave similar levels of lung luciferase 
expression by targeting different airway cell populations. *PEI* 25K 
'complexes* determined high levels of GFP in the bronchial cells, 
confirming confocal data on fluorescent 'complexes* internalization. *PEI* 
22K 'complexes* gave mainly high GFP signal in the distal tract of the 
bronchial tree, where tagged 'complexes* were recovered . Fluorescent lipid 
Complexes* were found in *aggregates* in the lumen of bronchi totally 
(DOTAP) or partially (GL-67A) co-localizing with surfactant 'protein' A. 
Results indicated that cationic polymers could overcome the surfactant 
barrier which inhibited airway cell transfection mediated by cationic 
lipids. 
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Genetic immunization with lung-targeting macro aggregated 

polyethyleneimine-albumin *conjugates* elicits combined systemic and 
mucosal immune responses . 

Genetic immunization is a novel form of vaccination in which transgenes 
are delivered into the host to produce the foreign *protein* within host 
cells. Although systemic immune responses have been relatively easy to 
induce by genetic immunization, the induction of regional and mucosal 
immunity has often been more challenging. To address the problem of 
eliciting mucosal immunity in the lung, we utilized macroaggregated 
*albumin* to target +plasmid* *DNA* to the lung. Macroaggregated *albumin* 
is trapped in the lung after i. v. injection, and it is routinely used in 
radiolabeled form as an imaging modality to evaluate pulmonary blood flow. 
To couple *DNA* to this targeting agent, *polyethyleneimine* (a polycation 
that binds *DNA* and enhances transf ection) was conjugated to serum 
*albumin*, and the conjugate was ^aggregated* by heating to produce 
particles of 25-100 microm. The resulting particles bound *plasmid* *DNA* 
avidly, and when injected i.v. in mice, the particles distributed in the 
peripheral lung tissue in the alveolar interstitium. Particle-bound 
luciferase *plasmid* transfected a variety of cell lines in vitro, and 
after i.v. injection, gene expression was detected exclusively in the lung. 
Using human growth hormone as the encoded foreign Ag for immunization, i.v. 
injection of the particle-bound *plasmid* elicited both pulmonary mucosal 
and systemic immune responses, whereas naked *DNA* injected either i.v. or 
i.m. elicited only systemic responses. Thus, particle-bound *plasmid* *DNA* 
may have utility for genetic immunization by intravascular delivery to the 
lung and potentially to other organs and tissues. 

Descriptors: Immunity, Mucosal; *Lung— immunology— IM; *Polyethyleneimine 
—administration and dosage— AD; ^Technetium Tc 99m ^Aggregated* Albumin 
— immunology— IM; ^Vaccines, DNA— immunology— IM. .. ; Data; Particle Size; 
Plasmids— administration and dosage— AD; Plasmids— immunology— IM; 

Plasmids— pharmacokinetics — PK; Polyethyleneimine— pharmacokinetics— PK; 
T-Lymphocytes, Cytotoxic— immunology— IM; Technetium Tc 99m * Aggregated* 
Albumin— administration and dosage— AD; Technetium Tc 99m *Aggregated* 
Albumin— pharmacokinetics — PK; Transf ection — immunology — IM; Tumor Cells, 
Cultured; Vaccines, DNA— administration and dosage — AD; Vaccines, DNA 
— pharmacokinetics — PK 

Chemical Name: Plasmids; Technetium Tc 99m *Aggregated* Albumin; 
Vaccines, DNA; Polyethyleneimine; DNA 
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PEGylated *DNA*/*transferrin*-*PEI* *complexes*: reduced interaction with 
blood components, extended circulation in blood and potential for systemic 
gene delivery. 

We investigated the in vitro and in vivo properties of 
DNA/transferrin-polyethylenimine (800 kDa) * complexes* before and after 
covalent coupling of poly {ethylene glycol) (PEG). Upon incubation with 
plasma, the positively charged non-PEGylated DNA *complexes* form 
*aggregates* . Plasma proteins such as IgM, fibrinogen, fibronectin and 
complement C3 were found to bind to non-PEGylated DNA *complexes*. At DNA 
concentrations relevant for in vivo gene delivery a strong aggregation of 
erythrocytes was also observed. PEGylation of the ^complexes* strongly 
reduces plasma protein binding and erythrocyte aggregation. Furthermore, 
PEGylated complex size was stabilized and had a reduced surface charge. 
Prolonged circulation in the blood of the PEGylated *complexes* was also 
observed when injected intravenously. In tumor bearing mice, application of 
non-PEGylated *complexes* through the tail vein resulted in reporter gene 
expression in tail and lung, but severe toxicity was observed in some mice. 
In contrast, PEGylated ^complexes* mediated reporter gene transfer to the 
tumor without significant toxicity. 
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The size of *DNA*/*transferrin*-*PEI* *complexes* is an important factor 
for gene expression in cultured cells. 

Under physiological salt concentration, *plasmid* *DNA* complexed with 
*transferrin*-conjugated or unmodified polyethylenimine (*PEI*, 800 kDa) 
forms huge (up to > 1000 nm) ^aggregates*, unless the individual components 
are mixed at a highly positive nitrogen/phosphate (N/P) charge ratio. At 
low ionic strengths, however, small particles with an... 

...in a 10-fold (B16F10 cells) to more than 100-fold (Neuro2A cells, K562 
cells) reduced lucif erase gene expression efficiency in comparison to the 
large *complexes* formed in physiological salt solutions. Limited transport 
of the small particles to the cell surfaces is one possible reason for this 
effect. Application of the... 

. . . Reduced intracellular release may be another explanation for the 
decreased transfection efficiency; incubation with chloroquine or 
incorporation of the endosomolytic peptide INF5 into the small ^complexes* 
enhances gene expression approximately 10-fold. Analysis of gene expression 
at the cellular level using a green fluorescence *protein* reporter gene 
and flow cytometry revealed that the differences in overall gene expression 
largely result from different intensities per expressing cell, while the 
difference in. . . 
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... I and class II molecules in association with costimulatory molecules, 
and efficiently activate both cytotoxic T cells and T helper cells. Gene 
modified DC expressing *antigen* encoding cDNA represent a particularly 
attractive approach for the immunotherapy of disease. We previously 
described a *gene* ^delivery* system for DC based on receptor-mediated 
endocytosis of *ligand*/polyethylenimine (*PEI*) *DNA* transfer 'complexes* 
that target cell surface receptors which are abundantly expressed on DC. 
Employing this *gene* *delivery* system, DC were generated that express 
chicken ovalbumin (OVA) cDNA as a model *antigen* and introduce 'antigen* 
into the MHC class I presentation pathway. We demonstrate here that 
modification of OVA cDNA as 'transferrin* receptor (TfR) or invariant chain 
(Ii) fusions effectively generate MHC class II specific immune responses in 
addition to MHC class I responses. TfR- OVA contains the membrane anchoring 
region of 'transferrin* receptor and represents a membrane-bound form of 
OVA for access to the MHC class II compartment. Ii-OVA fusions directly 
target the MHC class II processing pathway. Thus, modification of *antigen* 
encoding cDNA represents a convenient and effective means to direct 
antigens to MHC class II presentation and thus to generate T cell help. 
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Cell surface-bound receptors represent suitable entry sites for *gene* 
*delivery* into cells by receptor-mediated endocytosis. Here we have taken 
advantage of the mannose receptor that is highly expressed on *antigen* 
-presenting dendritic cells for targeted gene transfer by employing 
mannosylpolyethylenimine (ManPEI) conjugates. Several ManPEI conjugates 
were synthesized and used for formation of ManPEI/* DNA* transfection 
Complexes* . Conjugates differed in the linker between mannose and 
polyethylenimine (*PEI*) and in the size of the *PEI* moiety We 
demonstrate that ManPEI transfection is effective in delivering *DNA* into 
mannose receptor-expressing cells. Uptake of ManPEI/* DNA* Complexes* is 
receptor-specific, since 'DNA* delivery can be competed with mannosylated 
albumin* . Additionally, incorporation of adenovirus particles into 
transfection Complexes* effectively enhances transgene expression. This is 
particularly important for primary immunocompetent dendritic cells. It is 
demonstrated here that dendritic cells transfected with ManPEI/* DNA* 
Complexes* containing adenovirus particles are effective in activating T 
cells of T cell receptor transgenic mice in an *antigen*-specif ic fashion. 



13/3, K/3 (Item 3 from file: 155) 

DIALOG{R) File 155 : MEDLINE (R) 

10234377 99224851 PMID: 10210145 

Efficient *gene* 'delivery* into human dendritic cells by adenovirus 
polyethylenimine and mannose polyethylenimine transfection. 

Diebold S S; Lehrmann H; Kursa M; Wagner E; Cotten M; Zenke M 

Max-Delbruck-Center for Molecular Medicine, Berlin, Germany. 

Human gene therapy (UNITED STATES) Mar 20 1999, 10 (5) p775-86 



ISSN 1043-0342 Journal Code: 9008950 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 



Efficient *gene* * delivery* into human dendritic cells by adenovirus 
polyethylenimine and mannose polyethylenimine transfection. 

Gene-modified human dendritic cells (DCs) were generated by transfection 
with adenovirus polyethylenimine *DNA* (Ad/*PEI*/*DNA* ) and mannose 
polyethylenimine . *DNA* {ManPEI/* DNA* } Complexes*. Ad/*PEI*/*DNA* 
^complexes* have *plasmid* *DNA* bound to adenovirus particles by *PEI* and 
deliver *DNA* into cells via the adenovirus infection route. Such 
transfection "^complexes* yield high transduction levels and sustained 
expression of luciferase and green fluorescent *protein* reporter genes and 
were almost as effective as recombinant adenovirus vectors. ManPEI/*DNA* 
^complexes* rely on uptake by receptor-mediated endocytosis via mannose 
receptor, which is highly expressed on DCs. While *gene* *delivery* by 
ManPEI/*DNA* ^complexes* was less efficient than by Ad/*PEI* transfection, 
incorporation of adenovirus particles in ManPEI/*DNA* transfection 
^complexes* further enhanced transduction efficiencies and transgene 
expression. We also demonstrate that Ad/*PEI*-transf ected DCs are competent 
in stimulating T cell proliferation in allogeneic and autologous mixed 
lymphocyte reactions, and in activating T cells from T cell receptor 
(TCR) -transgenic mice in an *antigen*-specif ic manner. Thus, the present 
study establishes the following relative order of transduction efficiencies 
of viral and nonviral *gene* *delivery* systems for primary human DCs: 
recombinant adenovirus > Ad/*PEI* = Ad/ManPEI > ManPEI > *PEI*. Ad/*PEI* 
and ManPEI transfection modes represent particularly versatile transduction 
systems for DCs, with ManPEI being built up exclusively of synthetic 
compounds . 
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... H4 were found to have the highest transfection efficiency of all the 
agents tested. In the present study we have analyzed other parameters 
important for *gene* ^delivery* by the histones H3 and H4 . We transferred 
the *HIV*-1 tat gene to Jurkat cells and measured the transactivation of 
*HIV*-1-LTR by the transactivator *protein*, expressed in Jurkat cells. The 
expression of CAT as a reporter gene hybridized to LTR was a direct measure 
of transactivation potential. In order to... 

...whether the transfection was only due to the positive ionic character of 
the histones H3 and H4 we tested other histones (HI and H2A) and 
*polylysine* in our system. Under our experimental conditions, neither 
*polylysine* , nor the histones Hi and H2A were able to promote gene 
transfer in Jurkat cells. The inability of these reagents to promote gene 
transfer was not dependent on *DNA* condensation; in EMSA ( Electrophoretic 
Mobility Shift Assay) all these reagents exhibited a strong retardation of 
*DNA* . In the presence of anti-histone-IgG the transfection potential of 
histones H3 and H4 was diminished in a concentration - dependent manner. To 
investigate whether the histone antibodies inhibited the condensation of 
*DNA* by histones we carried out gel retardation assays (EMSA) in the 
absence and in the presence of histone antibodies. Anti-histone-IgG had no 
effect on the retardation of histone-*DNA* * complexes*; on the contrary, 
retardation was increased. This observation has led us to postulate two 
models for the possible mechanism by which the histones H3 and. . . 
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Hi stone -media ted transfer and expression of the *HIV*-1 tat gene in 
Jurkat cells. 

...and Lipofectin have lower transfection efficiency; Lipof ectamine has a 
2.5-fold better efficiency compared with DEAE-Dextran . We report a novel 
and highly efficient *DNA* transfer system based on the *DNA+-binding 
proteins histone 3 and histone 4. We have transferred the *HIV*-1 tat gene 
and measured the transactivation of *HIV*-1 LTR by the transactivator 
*protein*, expressed in Jurkat cells. The *HIV*-1 LTR was linked to the CAT 
gene as a reporter. Compared to DEAE-Dextran-mediated transfection, 
histone-mediated transfection resulted in a sevenfold higher expression of 
the CAT gene. The maximum transfection efficiency mediated by histones is 



dependent on the relative concentration (*DNA* : his tone ratio) and the 
incubation time. In a gel-retardation assay, an optimal complex formation 
was observed under the same conditions that allowed the highest 
transfection efficiency. This ability of histones to increase the delivery 
and transgenic expression of foreign *DNA* in eukaryotic cells is not 
simply due to the positive ionic character of the histone proteins. 
*Polylysine* , histone Hi, and histone H2A were unable to mediate gene 
transfection in our system. Monoclonal antibodies that recognize antigenic 
determinant present on all five histone... 

. . . were able to neutralize the transf ection-enhancing potential of histone 
3 and histone 4. However, anti-histone IgG enhanced the retardation of 
mobility of histone-*DNA* * complexes * . The results of this study allow us 
to conclude that histones H3 and H4 can catalyze gene transfer and gene 
expression in eukaryotic cells without any requirement for additional 
constituents. For this reason, we have termed the new *gene*-*delivery* 
system as histonef ection . 
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*DNA* immunization, although attractive, is poor for inducing ^mucosal* 
immunity, thus limiting its protective value against most infectious 
agents. To surmount this shortcoming, we devised a method for ^mucosal* 

transgene vaccination by using an M cell *ligand* to direct the *DNA* 

vaccine to ^mucosal* inductive tissues and the respiratory epithelium. 
This *ligand*, reovirus ^protein* final sigmal, when conjugated to 
*polylysine+ (PL), can bind the apical surface of M cells from 
nasal-associated lymphoid tissues. Intranasal immunizations with ^protein* 

final sigmal- PL- *DNA* *complexes* produced antigen-specific serum IgG and 
prolonged ^mucosal* IgA, as well as enhanced cell-mediated immunity, made 
evident by elevated pulmonary cytotoxic T lymphocyte responses. Therefore, 
targeted transgene vaccination represents an approach for enabling *DNA* 

vaccination of the mucosa. 
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Tumor targeting with surf ace -shielded ligand — polycation DNA *complexes*. 

Incorporation of the receptor binding ligands *transf errin* (Tf) or 
epidermal growth factor (EGF) into *DNAVpolyethylenimine (*PEI*) 
*complexes* was found to enhance gene transfer into tumor cell lines in a 
receptor-dependent manner. In systemic applications, the surface charge of 
*DNA* ^complexes* dominated the in vivo characteristics of gene transfer. 
Administration of surface-shielded Tf-polycation/*DNA* ^complexes* into the 
tail vein of A/J mice resulted in preferential gene delivery into distantly 
growing ^subcutaneous* Neuro2a tumors. In contrast, application of 
positively charged *DNA*/*PEI* ^complexes* directed gene transfer primarily 
to the lung. Two alternatives of masking the surface charge of * complexes* 
were accomplished. In the first case, shielding was obtained by covalently 
coating of *DNA*/Tf-*PEI* * complexes* with polyethylene glycol (PEG) . 
Alternatively, incorporation of sufficient Tf *protein* into the *DNA* 
* complexes* resulted in charge shielding even without PEGylation. In the 
latter case lower-molecular weight polycations (25 kDa *PEI* for Tf-*PEI* 
^complexes*, or 32 kDa *polylysine* for AVET * complexes*) were used. 
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Genetic immunization with lung- targeting macroaggregated 

polyethyleneimine-albumin conjugates elicits combined systemic and 
♦mucosal* immune responses. 

Genetic immunization is a novel form of vaccination in which transgenes 
are delivered into the host to produce the foreign *protein* within host 
cells. Although systemic immune responses have been relatively easy to 
induce by genetic immunization, the induction of regional and *mucosal* 
immunity has often been more challenging. To address the problem of 
eliciting *mucosal* immunity in the lung, we utilized macroaggregated 
*albumin* to target *plasmid* *DNA* to the lung. Macroaggregated *albumin* 
is trapped in the lung after i. v. injection, and it is routinely used in 
radiolabeled form as an imaging modality to evaluate pulmonary blood flow. 
To couple *DNA* to this targeting agent, *polyethyleneimine* (a polycation 
that binds *DNA* and enhances transf ection) was conjugated to serum 
*albumin*, and the conjugate was ^aggregated* by heating to produce 
particles of 25-100 microm. The resulting particles bound *plasmid* *DNA* 
avidly, and when injected i.v. in mice, the particles distributed in the 
peripheral lung tissue in the alveolar interstitium. Particle-bound 
luciferase *plasmid* transfected a variety of cell lines in vitro, and 
after i.v. injection, gene expression was detected exclusively in the lung. 
Using human growth hormone as the encoded foreign Ag for immunization, i.v. 
injection of the particle-bound *plasmid* elicited both pulmonary *mucosal* 
and systemic immune responses, whereas naked *DNA* injected either i.v. or 
i.m. elicited only systemic responses. Thus, particle-bound *plasmid* *DNA* 
may have utility for genetic immunization by intravascular delivery to the 
lung and potentially to other organs and tissues. 
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To facilitate eventual genetic vaccination of *mucosal* tissues, a 
receptor-mediated gene transfer system was devised using the reovirus 
adhesin, *protein* sigmal. Highly efficient uptake and internalization of 
*protein* sigmal *polylysine* (PL) *DNA* * complexes* could be demonstrated 
by fluorescent microscopy. Successful cellular transfection of rodent and 
human cell lines was obtained with the recombinant *protein* sigmal as a 
PL-*DNA* complex, and could be shown to be receptor-specific. Transfection 
efficiency was dependent upon the ratio of *DNA* complexed to *protein* 
sigmal-PL and chloroquine treatment improved transfection efficiency 
dramatically. To test its ability to bind a ^mucosal* inductive tissue, 
recombinant *protein* sigmal was specifically bound to the nasal-associated 
lymphoid tissues { NALT ) . Thus, recombinant *protein* sigmal -PL-* DNA* 
conjugates can efficiently bind and transfect cells that express the 
receptor for *protein* sigmal. Gene Therapy (2000) 7, 61-69. 
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Tumor -targe ted gene delivery of tumor necrosis factor-alpha induces tumor 
necrosis and tumor regression without * systemic* toxicity. 

We have recently developed surface-shielded *transf errin* 

-polyethylenimine (Tf-*PEI* ) /*DNA* delivery systems that target reporter 
gene expression to distant tumors after *systemic* application. In the 
present study, we used surface-shielded Tf-*PEI*/*DNA* *complexes* for 
delivering the gene for a highly potent cytokine, tumor necrosis 
factor-alpha (TNFalpha) . TNFalpha is known for its ability to induce 
hemorrhagic tumor necrosis and tumor regression. However, the therapeutic 
application of TNFalpha is hampered by its high *systemic* toxicity 
dictating the need to target TNFalpha activity to the tumor. ^Systemic* 
application of surface-shielded Tf-*PEI* ^complexes* with the TNFalpha 
gene resulted in preferential expression of TNFalpha in the tumor without 
detectable TNFalpha serum levels, in contrast to the application of 
nontargeted * complexes* . Tumor-targeted TNFalpha gene delivery induced 
pronounced hemorrhagic tumor necrosis and inhibition of tumor growth in 
three murine tumor models of different tissue origins, Neuro2a 
neuroblastoma, MethA fibrosarcoma, and M-3 melanoma, with complete tumor 
regressions observed in the MethA model. No *systemic* TNF-related toxicity 
was observed due to the localization of the TNFalpha activity to the tumor. 
Targeted gene therapy may be an attractive strategy applicable... 
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Different strategies for formation of pegylated EGF-conjugated PEI/DNA 
♦complexes* for targeted gene delivery. 

With the aim of generating gene delivery systems for tumor targeting, we 
have synthesized a conjugate consisting of polyethylenimine {*PEI* ) 
covalently modified with epidermal growth factor (EGF) peptides. 
Transfection efficiency of the conjugate was evaluated and compared to 
native *PEI* in three tumor cell lines: KB epidermoid carcinoma cells, 
CMT-93 rectum carcinoma cells, and Renca-EGFR renal carcinoma cells. 
Depending on the tumor cell line, incorporation of EGF resulted in an up to 
300-fold increased transfection efficiency. This *ligand* -mediated 
enhancement and competition with free EGF strongly suggested uptake of the 
♦complexes* through the EGF receptor-mediated endocytosis pathway. Shielded 
particles being crucial for *systemic* gene delivery, we studied the effect 
of covalent surface modification of EGF-*PEI*/*DNA* ^complexes* with a 
poly (ethylene glycol) (PEG) derivative. An alternative way for the 
formation of PEGylated EGF-containing *complexes* was also evaluated where 
EGF was projected away from *PEI*/*DNA* core *complexes* through a PEG 



linker. Both strategies led to shielded particles still able to efficiently 
transfect tumor cells in a receptor-dependent fashion. These PEGylated 
EGF-containing * complexes* were 10- to 100-fold more efficient than 
PEGylated ^complexes* without EGF. 
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Polyethylenimine/DNA *complexes* shielded by transferrin target gene 
expression to tumors after * systemic* application. 

*Systemic* application of positively charged polycation/*DNA* ^complexes* 
has been shown to result in predominant gene expression in the lungs. 
Targeting gene expression to other sites, eg distant tumors, is hampered by 
nonspecific interactions largely due to the positive surface charge of 
transfection ^complexes* . In the present study we show that the positive 
surface charge of *PEI* {25 kDa branched or 22 kDa linear ) /*DNA* 
♦complexes* can be efficiently shielded by covalently incorporating 
♦transferrin* at sufficiently high densities in the complex, resulting in a 
dramatic decrease in nonspecific interactions, eg with erythrocytes, and 
decreased gene expression in the lung. *Systemic* application of 
*transf errin*-shielded *PEI*/*DNA* *complexes* into A/J mice bearing 
subcutaneously growing Neuro2a tumors via the tail vein resulted in 
preferential (100- to 500-fold higher) luciferase reporter gene expression 
in distant tumors as compared with the major organs including the lungs. 
Tumor targeting is also demonstrated by *DNA* uptake and beta-galactosidase 
gene expression in tumor cells. Assessing *DNA* distribution following 
*systemic* application significant amounts of *DNA* were found in the liver 
and tumor. However, in the liver, *DNA* was mainly taken up by Kupffer 
cells and degraded without significant transgene expression. In the tumor, 
*DNA* was associated mainly with tumor cells and frequently found near 
structures which resemble primitive blood vessels. 
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Biodistribution and transgene expression with nonviral cationic 



vector/DNA *complexes* in the lungs. 

Biodistribution of nonviral cationic *vector*/*DNA* ^complexes* was 
studied after *systemic* or intratracheal administration to the lungs and 
correlated with transgene expression. Intravenous injection in C57B1/6 mice 
gave maximal and significant luciferase expression in the lungs with the 
cationic polymer *PEI* 22K/*DNA* Complexes* at the highest ratios of 
positive/negative charges versus *DNA* alone. While DOTAP/*DNA* * complexes* 
with high charge ratio determined lower but still significant luciferase 
activity versus uncomplexed *DNA*, GL-67A and *PEI* 25K mediated negligible 
luciferase expression. Labelled *PEI* 22K and DOTAP Complexes* were evenly 
distributed in the alveolar region, where GFP expression was revealed, 
while *PEI* 25K and GL-67A ^complexes* were not detected, suggesting a 
different interaction of these *complexes* with the plasma membrane of 
endothelial cells. Following an intratracheal injection, the highest and 
significant levels of transfection were obtained with slightly positive 
*PEI* ^complexes* as compared with *DNA* alone, whereas cationic 
lipid-based vectors, DOTAP and GL-67A, gave not significant luciferase 
activity. Both types of polyplexes gave similar levels of lung luciferase 
expression by targeting different airway cell populations. +PEI+ 25K 
^complexes* determined high levels of GFP in the bronchial cells, 
confirming confocal data on fluorescent * complexes* internalization. *PEI* 
22K ^complexes* gave mainly high GFP signal in the distal tract of the 
bronchial tree, where tagged *complexes* were recovered. Fluorescent lipid 
*complexes* were found in ^aggregates* in the lumen of bronchi totally 
(DOTAP) or partially (GL-67A) co-localizing with surfactant *protein* A. 
Results indicated that cationic polymers could overcome the surfactant 
barrier which inhibited airway cell transfection mediated by cationic 
lipids . 



21/3,K/5 (Item 5 from file: 155) 

DIALOG (R) File 155 : MEDLINE { R) 

10731174 20267143 PMID: 10809146 

♦Systemic* linear polyethylenimine (L-PEI) -mediated gene delivery in the 
mouse. 

Zou S M; Erbacher P; Remy J S; Behr J P 

Laboratoire de Chimie Genetique, Faculte de Pharmacie de Strasbourg, 
France. 

journal of gene medicine (ENGLAND) Mar-Apr 2000, 2 (2) pl28-34, 
ISSN 1099-498X Journal Code: 9815764 
Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

♦Systemic* linear polyethylenimine (L-PEI) -mediated gene delivery in the 
mouse . 

BACKGROUND: Several nonviral vectors including linear polyethylenimine 
(L-*PEI*) confer a pronounced lung tropism to *plasmid* *DNA* when injected 
into the mouse tail vein in a nonionic solution. METHODS: and results We 
have optimized this route by injecting 50 microg *DNA* with excess L-*PEI* 
(*PEI* nitrogen/*DNA* phosphate = 10) in a large volume of 5% glucose (0.4 
ml) . In these conditions, 1-5% of lung cells were transfected 
(corresponding to 2 ng lucif erase/mg *protein*), the other organs remaining 
essentially refractory to transfection (1-10 pg lucif erase/mg *protein*) . 
beta-Galactosidase histochemistry confirmed alveolar cells, including 
pneumocytes, to be the main target, thus leading to the puzzling 
observation that the lung microvasculature must be permeable to cationic L- 
*PEI*/*DNA* particles of ca 60 nm. A smaller injected volume, premixing of 
the *complexes* with autologous mouse serum, as well as removal of excess 
free L-*PEI* , all severely decreased transgene expression in the lung. 
Arterial or portal vein delivery did not increase transgene expression in 
other organs. CONCLUSIONS: These observations suggest that effective lung 
transfection primarily depends on the injection conditions: the large 
nonionic glucose bolus prevents aggregation as well as mixing of the 



cationic 'complexes* and excess free L-*PEI* with blood. This may favour 
vascular leakage in the region where the vasculature is dense and fragile, 
i.e. around the lung alveoli. Cationic particles... 
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Polycation -based DNA *complexes* for tumor- targeted gene delivery in 

vivo . j- 

. . . fluids and extracellular matrix, and binding to a broad variety of 
non-target cell types. METHODS: Polycation-based vectors, including 
adenovirus-enhanced transferrinf ection (AVET) and +trans f errin* 
-polyethylenimine (Tf-*PEI+ ) , were tested for gene delivery into 
subcutaneously growing tumors after local and *systemic* application. *DNA* 
biodistribution and reporter gene expression was measured in the major 
organs and in the tumor. RESULTS: Gene transfer after intratumoral 
application was 10-100 fold more efficient with Tf-*PEI*/*DNA* or AVET 
^complexes* in comparison to naked *DNA* . Targeted gene delivery into 
subcutaneously growing tumors after *systemic* application was achieved 
using electroneutral AVET ^complexes* and sterically stabilized PEGylated 
Tf-*PEI*/*DNA* ^complexes* , whereas application of positively charged 
polycation/*DNA* ^complexes* resulted in predominant gene expression in the 
lungs and was associated by considerable toxicity. CONCLUSION: For 
*systemic* application, the physical and colloidal parameters of the 
transfection ^complexes* , such as particle size, stability, and surface 
charge, determine *DNA* biodistribution, toxicity, and transfection 
efficacy. By controlling these parameters, +DNA* biodistribution and gene 
expression can be targeted to different organs. 
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Genes can be targeted to hepatocytes in vitro and in vivo by the use of 
asialoorosomucoid-*polylysine* conjugates. After ^systemic* application, 
this nonviral *vector* is recognized by highly selective asialoglycoprotein 
(AsGP) receptors on the sinusoidal liver cell membrane and is taken up via 



receptor-mediated endocytosis. As most of the *DNA* is rapidly transferred 
to lysosomes where it is degraded, transfection efficiency is low and gene 
expression transient. To address this problem, we incorporated a 
pH-dependent synthetic hemolytic peptide derived of the G-*protein of 
Vesicular Stomatitis Virus (VSV) into the gene transfer system, to increase 
endosomal escape of internalized * DN A* . The multi component carrier binds 
*DNA* in a nondamaging way, is still recognized by the AsGP receptor, and 
is targeted to the liver in vivo. Injection of *DNA* 'complexes* containing 
a luciferase marker gene resulted in luciferase expression of 29 000 pg/g 
liver which corresponded to an increase of a factor of 10(3) overexpression 
after injection of *DNA* 'complexes* without endosomolytic peptide. 
Furthermore, the amount of intact transgene within isolated liver cell 
nuclei was increased by a factor of 10(1) -10 (2) by the use of the 
multicomponent carriers. These results demonstrate that incorporation of a 
hemolytic peptide into a nonviral 'vector* can greatly increase gene 
expression while retaining cell type targetability in vivo. 
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PEGylated *DNA*/ transferrin* -*PEI* *complexes*: reduced interaction with 
blood components, extended circulation in blood and potential for 
♦systemic* gene delivery. 

We investigated the in vitro and in vivo properties of 
DNA/transferrin-polyethylenimine (800 kDa) 'complexes* before and after 
covalent coupling of poly (ethylene glycol) (PEG) . Upon incubation with 
plasma, the positively charged non-PEGylated DNA Complexes* form 
*aggregates* . Plasma proteins such as IgM, fibrinogen, fibronectin and 
complement C3 were found to bind to non-PEGylated DNA 'complexes*. At DNA 
concentrations relevant for in vivo gene delivery a strong aggregation of 
erythrocytes was also observed. PEGylation of the Complexes* strongly 
reduces plasma protein binding and erythrocyte aggregation. Furthermore, 
PEGylated complex size was stabilized and had a reduced surface charge. 
Prolonged circulation in the blood of the PEGylated 'complexes* was also 
observed when injected intravenously. In tumor bearing mice, application of 
non-PEGylated Complexes* through the tail vein resulted in reporter gene 
expression in tail and lung, but severe toxicity was observed in some mice. 
In contrast, PEGylated 'complexes* mediated reporter gene transfer to the 
tumor without significant toxicity. 
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